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Abstract
The objective of this study was to assess the impact of health-related quality of life
(HRQOL) across prevalent chronic conditions, individually and comorbid, in school-aged
children in the Netherlands. 5301 children aged 4–11 years from the Dutch Health Interview
Survey were included. Parents completed questionnaires regarding child and parental char-
acteristics. HRQOL of children was measured using the Child Health Questionnaire Parent
Form 28 (CHQ-PF28). Independent-t tests were used to assess differences in the mean
scores of the CHQ-PF28 summary scales and profile scales between children with a preva-
lent chronic condition (excluding or including children with multiple chronic conditions) and
children without a chronic condition. Cohen’s effect sizes (d) were calculated to assess the
clinical significance of difference. The mean age of children was 7.55 (SD 2.30) years;
50.0% were boys. In children without any chronic condition, the mean score of physical sum-
mary scale (PhS) was 58.53 (SD 4.28) and mean score of the psychosocial summary scale
(PsS) was 53.86 (SD 5.87). Generally, PhS and/or PsS scores in children with only one con-
dition were lower (p<0.05) than for children without chronic conditions. When children with
multiple conditions were included, mean scores of CHQ-PF28 summary and profile scales
were generally lower than when they were excluded. The present study shows important
information regarding the impact of prevalent chronic conditions on HRQOL in a representa-
tive population-based sample of school-aged children in the Netherlands. The information
could be used for developing a more holistic approach to patient care and a surveillance
framework for health promotion.
Introduction
Over the past decades, the prevalence of chronic conditions of children has increased over
time [1, 2]. Particularly, asthma and behavioral problems (e.g. attention deficit/hyperactivity
disorder) show a greater increase in prevalence [3–5]. Clinical studies have suggested that
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children with particular chronic conditions may experience impairments of health-related
quality of life (HRQOL) [6–15]. HRQOL is a multidimensional concept that focuses on the
individuals’ perceptions of their physical, psychological, and social functioning [16]. However,
the generalization of findings is often restricted by the small sample size in the above studies.
In recognition of this need, recently the associations of childhood chronic conditions with
HRQOL have been assessed in representative population samples [17–23]. The chronic condi-
tions evaluated in most of the above studies were selected based on experts’ opinions [20] or
on clinical importance rather than prevalence in the population [19, 21, 22]. The association
between prevalent chronic conditions of children and HRQOL is not clear. A relevant issue is
comorbidity, which is also common in the child population. Only three studies evaluated the
impact of comorbidity on children’s HRQOL [19–21] in population-based studies. Little is
known about the profiles of child’s HRQOL across prevalent childhood chronic conditions in
a representative population sample.
The present investigation used data embedded in the Dutch Health Interview Survey
(DHIS) conducted from 2010 to 2013. The five most prevalent child chronic conditions were
identified (asthma; eczema; dyslexia; ADHD; migraine/severe headache). The goal of the cur-
rent investigation was to assess difference in HRQOL for children with only one of the five
prevalent conditions (without co-morbidity) in comparison to children without any chronic
condition. Difference in HRQOL for children with one of the five prevalent conditions includ-
ing the presence of co-morbidity was also compared.
Methods
Participants and procedures
Data used for the current investigation was extrapolated from the Dutch Health Interview Sur-
vey (DHIS), conducted by Statistics Netherlands. DHIS is a cross-sectional survey amongst the
Dutch population living in non-institutionalized households. Each month, a stratified two-
step-sample of persons is taken from the Dutch Municipal Personal Records [23]. For this
investigation, a four-year set of survey responses for children ages 4–11 years were used. Only
one parent participated in the interview. Between January 2010 and December 2013, parents
of 6499 children aged 4–11 years were interviewed. The yearly response rate for children ages
4–11 years is approximately 73%.
Parents received written study information from Statistic Netherlands and participation
was elective. According to Dutch law (Wet medisch wetenschappelijk onderzoek met mensen),
formal approval (e.g., from a medical ethics committee) was not required as this study relied
on secondary anonymized data collection in the context of performing statutory tasks. Data
collection and processing was in strict accordance with the national standard. At no time did
the datasets contain direct identifiers [23].
Measures
Chronic conditions. Parents were asked to indicate if their child had ever had cancer, or
experienced other health or behavioral issues during the previous 12 months: congenital heart
defect, diabetes, migraine/ severe headache, asthma, psoriasis, eczema, arthritis/rheumatism,
severe/protracted disorders of the intestines, back, neck/shoulder, arm or hand; dyslexia,
autism or conditions related to autism like Asperger’s, intellectual disability, and presence of at
least three core ADHD symptoms (DSM-criteria: restless behavior/not being able to sit still,
fidgeting/squirming, short attention span). An open-ended question about any other chronic
conditions and behavioral issues not mentioned was also included. For each condition, possi-
ble responses were “no” (i.e. does not have the condition), “yes” (i.e. has the condition). For all
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chronic conditions except for ADHD, if the parent answered “yes”, a following question
should be answered: “Has your child been seen by the family physician or medical specialist in
the previous 12 months”.
To identify the five most prevalent in the Dutch child population, the data was weighted to
take into account the person’s probability of selection [24]. By doing so, responses are adjusted
to the actual distribution of persons in the target population, allowing generalization at the
national level. The prevalent conditions in the Dutch child population in 2010–2013 according
to this health survey were asthma (6.4%), eczema 5.8(%), dyslexia (5.1%), attention deficit/
hyperactivity disorder (ADHD) (3.1%) and migraine/severe headache (2.7%) [25][26], fol-
lowed by disorders of the intestines (1.7%), intellectual disability (1.2%), congenital heart dis-
ease (1.0%) and so on [27]. In the present study, we only focused on the five most prevalent
chronic conditions.
Health-related quality of life. CHQ-PF28 is a 28-item, parent-reported measurement of
children’s HRQOL. CHQ-PF 28 was selected because it has been rigorously translated into 78
languages (http://www.healthactchq.com/chq-t.php) and specifically evaluated for use in the
Netherlands and it is easy to administer in large population studies [28–30]. Based on 13 scales,
CHQ-PF28 measures the HRQOL of children and their families. The child’s HRQOL is mea-
sured by the following ten scales: Physical Functioning (PF)); Role/Social-Physical (RP); Gen-
eral Health Perception (GP); Bodily Pain (BP); Role/Social Emotional/Behavioral (REB); Self-
Esteem (SE); Mental Health (MH); Behavior (BE); Parental Impact-Time (PT); and Parental
Impact-Emotional (PE). These ten scales are involved into scoring the Physical Summary
Component Scale (PhS) and the Psychosocial Summary Component Scale (PsS). Furthermore,
there are Family Activities (FA), Family Cohesion (FC) and Change in Health (CH) scales. In
the present study, data on the ‘Change in Health Scale’ was not reported. Items are responded
on four-, five-, or six- Likert-type scales and then standardized on a 0–100 continuum. Higher
scores represent better HRQOL. PhS and PsS are based on factor weights from a US represen-
tative sample of children aged 5–18 years of age [31]. A score of 50 represents the mean of the
US reference population sample and the standard deviation is ten points above/below the
mean. The weighted US values to derive two component summary scales have been used with
success in both Dutch and other international studies [19, 20, 23, 28, 29]. In our study, the
Dutch version of the parent-completed CHQ-PF28 was administered via the internet, or via a
structured telephone or face-to-face interview as part of the larger DHIS interview [32].
Covariates. Data regarding children’s age, sex, ethnic background, body mass index, sin-
gle parent family, number of acute health complaints and education level of the parent who
completed the interview, which were considered as potential confounders, were collected by
questionnaire during the interview. Acute health complaints in the present study are defined
as the occurrence of headache, tiredness, back pains, muscle or joint pains during the last 14
days.
Parental education level (low, medium, high) and ethnic background of the child were
defined according to the Dutch standards classifications [33][34]. Low education level includes
pre-primary, primary and lower secondary education; medium education level is similar to
upper secondary education; high education level includes bachelor and master degrees and
doctorate. If there are two parents with a different education level, then the highest level is cho-
sen. Children for whom at least one parent was born outside the Netherlands were identified
as (second generation) immigrants (even if the child was born in the Netherlands). Western
immigrants were classified as those originating from Europe (excluding Turkey), North Amer-
ica, Oceania, Indonesia or Japan; Non-western immigrants were classified as those originating
from Africa, South America, Asia (excluding Indonesia and Japan) or Turkey.
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Statistical analyses
6499 parents of the same number of children were interviewed at enrollment. Children with
‘outliers’ (values above/below 3xSD +/- mean) regarding one of the two summary CHQ-PF28
scales were deleted (n = 252). Additionally, 122 children were excluded due to missing more
1 item on the CHQ-PF28. Also excluded were children with a reported condition that was
not asthma, eczema, ADHD, dyslexia and severe headache (n = 430) or for whom>2 chronic
conditions were reported (n = 394). Thus a final sample of 5301 children was used for data
analyses. (see S1 Fig).
Mean and standard deviations of the CHQ-PF28 scale and summary scores were calculated
for children without reported chronic conditions (n = 4539), and for children with one of the
five prespecified chronic conditions (asthma, n = 235; eczema, n = 192; dyslexia, n = 207;
ADHD, n = 51; and migraine/severe headache, n = 77). Independent sample t-tests were used
to assess differences in the mean scores of the scales and summary scales between children
with and without a chronic condition. The relevance of the difference was assessed using
Cohen’s effect size. The difference in mean scores was divided by the largest SD and inter-
preted as (d): 0.2 d< 0.5 small difference, 0.5 d< 0.8 moderate, and d 0.8 large [35].
Additionally, taking into account the covariates, general linear models were applied to assess
differences in the mean scores of scales and summary scales between the subgroups.
Independent sample t-tests were also applied to assess differences in the mean scores of
CHQ-PF28 scales and summaries between children with and without a chronic condition
when children with multiple conditions were included. Cohen’s effect size was used to assess
the clinical relevance of the difference. Additionally, we assessed the differences in the
CHQ-PF28 mean scores of the scales and summaries between children who were seen by the
family physician or medical specialist in the previous 12 months and children who were not.
A p-value <0.05 was considered to be statistically significant. Analyses were performed
using SPSS 22.0.
Results
Table 1 presents the general characteristics of the population for analysis. There were 5301
children (2651 girls and 2650 boys) aged 4–11 years (mean: 7.55, standard deviation: 2.30).
19.4% of the children were non-Dutch; 11.1% from a single parent family; 32.2% children had
one or more acute health complaints. Compared to children without any chronic condition,
children with dyslexia were more often male, older, Dutch and had more acute health com-
plaints; children with asthma and children with eczema more often lived in the single parent
family; parents of children with migraine/severe headache more often reported low/medium
education.
Mean scores of CHQ-PF28 scales and summaries in children with a specific condition
(asthma, eczema, dyslexia, ADHD, migraine/severe headache) were lower than children with-
out any chronic condition (see Table 2). Regarding the summary scales, children with only
asthma were reported with a relatively lower mean score of the physical summary scale than
children without any chronic condition (54.49 vs. 58.53, p<0.05, d = 0.67), and children with
only ADHD were reported to have a relatively lower mean score in the psychosocial summary
scale than children without any chronic condition (46.57 vs. 53.86, p<0.05, d = 1.17). As noted
in Table 2, in the subgroup children with migraine/severe headache all 12 scale scores were
lower (p<0.05) compared to the subgroup children without any chronic condition, particu-
larly regarding bodily pain (75.84 vs. 88.85, p<0.05, d = 0.62). The lowest mean score for chil-
dren with asthma was observed for the general health scale (77.30 vs. 90.47, p<0.05, d = 0.77);
and the lowest mean score for children with ADHD was observed for the behavior scale (53.90
Childhood chronic conditions and quality of life
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vs. 73.44, p<0.05, d = 1.21). Across all the five conditions, and in particular for children with
ADHD and children with migraine/severe headache, lower mean scale scores were observed
for the parent-family specific scales (parental impact-emotional, family activities and family
cohesion). S2 Fig shows that the pattern of impairments on HRQOL varies across the five pre-
specified chronic conditions.
Table 1. General characteristics of study population (n = 5301).
Variables Total
(N = 5301)
No chronic condition
(n = 4539)
Asthma
(n = 235)
Eczema
(n = 192)
ADHD
(n = 51)
Dyslexia
(n = 207)
Migraine/ severe
headache (n = 77)
Children
Sex
Male 2650 (50.0) 2242 (49.4) 141 (60.0) 87 (45.3) 29 (56.9) 118 (57.0) 33 (42.9)
Female 2651 (50.0) 2297 (50.6) 94 (40.0) 105 (54.7) 22 (43.1) 89 (43.0) 44 (57.1)
Age in years, mean (SD) 7.55±2.30
4 634 (12.0) 570 (12.6) 25 (10.6) 28 (14.6) 7 (13.7) 1 (0.5) 3 (3.9)
5 654 (12.3) 579 (12.8) 33 (14.0) 27 (14.1) 8 (15.7) 3 (1.4) 4 (5.2)
6 654 (12.3) 582 (12.8) 27 (11.5) 25 (13.0) 4 (7.8) 7 (3.4) 9 (11.7)
7 680 (12.8) 579 (12.8) 38 (16.2) 24 (12.5) 10 (19.6) 18 (8.7) 11 (14.3)
8 645 (12.2) 549 (12.1) 24 (10.2) 23 (12.0) 10 (19.6) 26 (12.6) 13 (16.9)
9 663 (12.5) 557 (12.3) 23 (9.8) 22 (11.5) 5 (9.8) 46 (22.2) 10 (13.0)
10 667 (12.6) 551 (12.1) 35 (14.9) 20 (10.4) 3 (5.9) 46 (22.2) 12 (15.6)
11 704 (13.3) 572 (12.6) 30 (12.8) 23 (12.0) 4 (7.8) 60 (29.0) 15 (19.5)
Ethnic background
Native Dutch 4273 (80.6) 3655 (80.5) 177 (75.3) 142 (74.0) 46 (90.2) 188 (90.8) 65 (84.4)
Immigrant, Western 324 (6.1) 275 (6.1) 18 (7.7) 14 (7.3) 0 (0.0) 14 (6.8) 3 (3.9)
Immigrant, Non-
western
704 (13.3) 609 (13.4) 40 (17.0) 36 (18.8) 5 (9.8) 5 (2.4) 9 (11.7)
Body mass index
Normal weight 3755 (70.8) 3221 (71.0) 161 (68.5) 142 (74.0) 33 (64.7) 135 (65.2) 63 (81.8)
Overweight 397 (7.5) 323 (7.1) 28 (11.9) 18 (9.4) 3 (5.9) 20 (9.7) 5 (6.5)
Obese 113 (2.1) 93 (2.0) 5 (2.1) 6 (3.1) 4 (7.8) 4 (1.9) 1 (1.3)
Unknown 1036 (19.5) 902 (19.9) 41 (17.4) 26 (13.5) 11 (21.6) 48 (23.2) 8 (10.4)
Family structure
Two parent family 4683 (88.3) 4049 (89.2) 193 (82.1) 157 (81.8) 43 (84.3) 181 (87.4) 60 (77.9)
Single parent family 590 (11.1) 466 (10.3) 41 (17.4) 35 (18.2) 7 (13.7) 25 (12.1) 16 (20.8)
Other/Unknown 28 (0.5) 24 (0.5) 1 (0.4) 0 (0.0) 1 (2.0) 1 (0.5) 1 (1.3)
Number of acute health
complaints
None 3596 (67.8) 3180 (70.1) 140 (59.6) 104 (54.2) 25 (49.0) 133 (64.3) 14 (18.2)
1 1139 (21.5) 927 (20.4) 55 (23.4) 59 (30.7) 18 (35.3) 48 (23.2) 32 (41.6)
2 450 (8.5) 356 (7.9) 26 (11.1) 23 (12.0) 7 (13.7) 16 (7.7) 22 (28.6)
3 or more 116 (2.2) 76 (1.7) 14 (6.0) 6 (3.1) 1 (2.0) 10 (4.8) 9 (11.7)
Parental education level
Low 713 (13.4) 603 (13.3) 34 (14.5) 31 (16.1) 9 (17.6) 24 (11.6) 12 (15.6)
Medium 1689 (31.9) 1423 (31.4) 76 (32.3) 62 (32.3) 21 (41.2) 73 (35.3) 34 (44.2)
High 2230 (42.1) 1936 (42.7) 91 (38.7) 78 (40.6) 14 (27.5) 94 (45.4) 17 (22.1)
Unknown 669 (12.6) 577 (12.7) 34 (14.5) 21 (10.9) 7 (13.7) 16 (7.7) 14 (18.2)
Values are numbers and percentages. Bold print indicates significant difference (p<0.05) of children with only one condition (asthma, eczema, dyslexia,
ADHD, or migraine/severe headache) compared with children without chronic conditions.
https://doi.org/10.1371/journal.pone.0178539.t001
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Adjusting for potential confounders, the same pattern of significant differences was
observed using General Linear Models (see Table 3).
Percentages of children with multiple chronic conditions are presented in S1 Table. When
children with multiple chronic conditions were taken into account, the mean scores of
CHQ-PF28 summary and profile scales were generally lower (see Supplementary S2 Table)
Table 2. CHQ-PF28 scores of children with one condition and of children without any reported chronic conditions (n = 5301).
No chronic
condition
Asthma Eczema Dyslexia ADHD Migraine/severe
headache
(n = 4539) (n = 235) (n = 192) (n = 207) (n = 51) (n = 77)
mean score
(SD)
mean
score
(SD)
effect
size
mean
score
(SD)
effect
size
mean
score
(SD)
effect
size
mean
score
(SD)
effect
size
mean
score
(SD)
Effect
size
CHQ-PF28 Summary scales
Physical Component
Summary Component
Scale
58.53 (4.28) 54.49*
(6.01)
0.67b * 56.75*
(5.40)
0.33a * 58.53
(4.90)
0,00 59.93 *
(5.13)
-0.27a* 54.89*
(6.68)
0.55b*
Psychosocial
Component Summary
Component Scale
53.86 (5.87) 53.72
(5.89)
0.02 52.66*
(6.37)
0.19 * 51.51*
(6.23)
0.38a * 46.57 *
(6.21)
1.17c * 49.72*
(8.69)
0.48a*
CHQ-PF28 Child scales
Physical Functioning 98.44 (6.51) 93.14*
(11.97)
0.44a* 96.70*
(8.20)
0.21a * 96.99*
(9.63)
0.15 * 98.69
(5.73)
-0.04 94.81 *
(9.97)
0.36a *
Role/Social Emotional
Behavioral
98.80 (6.58) 97.59
(12.28)
0.10 97.05*
(11.69)
0.15 * 95.17*
(12.65)
0.29a* 96.73*
(10.01)
0.21a* 92.21*
(18.65)
0.35a *
Role/Social-Physical 98.84 (6.65) 97.31*
(11.42)
0.13 * 97.57
(9.94)
0.13 97.91
(8.11)
0.12 97.39
(14.67)
0.10 95.24*
(12.93)
0.28a *
Bodily Pain 88.85 (15.99) 84.51*
(17.98)
0.24a * 82.19*
(17.41)
0.38a * 87.73
(15.46)
0.07 89.41
(14.06)
-0.04 75.84*
(20.86)
0.62b *
Behavior 73.44 (14.04) 72.91
(13.84)
0.04 70.66
(14.76)
0.19 * 69.43
(13.50)
0.29a * 53.90
(16.15)
1.21c * 67.94
(16.99)
0.32a*
Mental Health 83.19 (13.54) 82.62
(13.87)
0.04 82.03
(12.64)
0.09 81.04
(13.33)
0.16 * 73.37
(13.64)
0.72b * 73.92
(17.75)
0.52b*
Self-Esteem 82.38 (12.64) 80.60
(11.86)
0.14 * 79.45
(12.03)
0.23a* 77.54
(12.65)
0.38a * 75.90
(11.94)
0.51b * 77.65
(12.52)
0.38a*
General Health Perception 90.47 (12.17) 77.30
(17.05)
0.77b* 86.69
(14.19)
0.27a* 90.92
(11.72)
-0.04 88.16
(14.36)
0.16 82.19
(16.01)
0.52b*
CHQ-PF28 Parent and Family Impact scales
Parental Impact-Emotional 92.96 (11.22) 89.10
(13.63)
0.28a* 89.52
(13.42)
0.26a* 89.55
(12.33)
0.26a* 85.29
(13.39)
0.57b* 85.23
(17.88)
0.43a*
Parental Impact-Time 97.39 (10.38) 96.60
(12.14)
0.07 96.79
(10.36)
0.06 96.78
(10.14)
0.06 90.85
(22.44)
0.29a* 93.07
(16.96)
0.25a*
Family Activities 93.47 (12.26) 92.71
(14.37)
0.05 90.30
(15.33)
0.21a* 94.38
(10.71)
-0.07 79.17
(23.67)
0.60b* 86.69
(18.06)
0.38a*
Family Cohesion 80.84 (17.01) 82.47
(16.87)
-0.10 76.82
(17.50)
0.23a* 80.39
(17.04)
0.03 71.76
(16.52)
0.53b* 75.84
(16.94)
0.29a *
SD: standard deviation
* P <0.05
Effect size (d)
a means small difference when 0.2d<0.5 small difference
b means moderate difference when 0.5d<0.8
c means large difference when d0.8; for others that d was less than 0.2, we didn’t mark them in our table.
https://doi.org/10.1371/journal.pone.0178539.t002
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compared to children with only one of the five prevalent chronic conditions. But patterns of
differences between children with and without specific chronic conditions are similar.
Gender-specific differences in CHQ-PF28 scales between children with only one chronic
condition and children with no chronic condition are presented in S3 Table. Compared to
girls with no chronic condition, girls with asthma had significantly lower scores in Mental
Health Scale, while the difference between boys with asthma and boys with no chronic condi-
tion was not significant. Girls with eczema had significantly lower scores in Psychosocial Com-
ponent Summary Scale, Behavior, Self Esteem, Family Activities and Family Cohesion scales
than girls with no chronic condition, while these differences between boys with eczema and
boys with no chronic condition were not significant. The patterns were almost the same in
girls and boys with dyslexia. Girls with ADHD were reported with significantly higher score in
the Physical Component Summary Scale, Physical Functioning and Bodily Pain scales than
girls with no chronic condition, while impacts of ADHD on boys in psychology/behavior-
related scales (i.e. Psychosocial Component Summary Scale, Behavior, Mental Health, Self
Esteem scales) were stronger than on girls. Patterns were found to vary across boys and girls
with migraine/severe headache.
Regarding children with asthma, mean scores of the physical summary scale, physical func-
tioning scale, role functioning-physical scale and general health perception scale were signifi-
cantly lower in children who were seen by the family physician or medical specialist compared
to children who were not (see S4 Table). Children with dyslexia who were seen by the family
Table 3. Difference in scale scores and summary scale scores between children with one of five common childhood conditions/disorders and chil-
dren without reported chronic condition by General Linear Models when multiple conditions were excluded (n = 5301).
PF REB RF BP BE MH SE GH PE PT FA FC PhS PsS
Asthma
vs. No
chronic
condition
B -5.34* -0.19 -1.30* -2.31 1.07 0.35 -0.76 -12.19* -1.31 -0.18 0.68 1.67 -3.72* 0.74
[95%
CI]
[-6.41,
-4.26]
[-1.41,
1.03]
[-2.46,
-0.14]
[-4.65,
0.02]
[-1.11,
3.26]
[-1.73,
2.44]
[-2.72,
1.19]
[-14.10,
-10.28]
[-0.36,
0.44]
[-1.79,
1.43]
[-1.24,
2.60]
[-0.96,
4.30]
[-4.39,
-3.05]
[-0.18,
1.66]
Eczema
vs. No
chronic
condition
B -1.52* -1.85* -1.12 -4.34* -2.42* -0.65 -3.35* -2.82* -2.32* -0.09 -2.13* -4.17* -1.22* -1.08*
[95%
CI]
[-2.64,
-0.39]
[-3.13,
-0.58]
[-2.34,
0.10]
[-6.79,
-1.90]
[-4.70,
-0.12]
[-2.84,
1.53]
[-5.40,
-1.30]
[-4.83,
-0.82]
[-4.16,
-0.48]
[-1.78,
1.60]
[-4.14,
-0.12]
[-6.62,
-1.41]
[-1.93,
-0.52]
[-2.04,
-0.12]
Dyslexia
vs. No
chronic
condition
B -1.22* -3.09* -0.71 -0.71 -4.41* -2.09 -3.72* 0.42 -4.43* -1.11 -0.57 -0.96 0.07 -2.36*
[95%
CI]
[-2.38,
-0.07]
[-4.41,
-1.78]
[-3.22,
1.80]
[-3.22,
1.80]
[-6.76,
-2.06]
[-4.33,
0.15]
[-5.82,
-1.62]
[-1.64,
2.47]
[-6.32,
-2.54]
[-2.85,
0.62]
[-2.63,
1.50]
[-1.88,
3.79]
[-0.66,
0.79]
[-3.35,
-1.37]
ADHD vs.
No
chronic
condition
B 1.02 -2.15 1.78 2.41 -19.51* -8.34* -6.26* -0.36 -7.56* -5.18* -11.96* -8.24* 2.67* -7.14*
[95%
CI]
[-1.24,
3.27]
[-4.70,
0.40]
[-0.65,
4.21]
[-2.47,
7.30]
[-24.11,
-14.97]
[-12.70,
-3.99]
[-10.34,
-2.17]
[-4.35,
3.64]
[-11.23,
-3.89]
[-8.55,
-1.80]
[-15.97,
-7.94]
[-13.75,
-2.73]
[1.27,
4.08]
[-9.06,
-5.21]
Migraine/
severe
headache
vs. No
chronic
condition
B -2.31* -7.83* -2.44* -8.15* -4.69* -5.94* -2.24 -6.38* -5.08* -5.09* -4.41* -4.83* -2.54* -3.30*
[95%
CI]
[-4.18,
-0.44]
[-9.95,
-5.71]
[-4.46,
-0.42]
[-12.20,
-4.09]
[-8.48,
-0.90]
[-9.56,
-2.33]
[-5.63,
1.15]
[-9.70,
-3.06]
[-8.13,
-2.03]
[-7.89,
-2.29]
[-7.75,
-1.08]
[-9.40,
-0.26]
[-3.70,
-1.37]
[-4.90,
-1.70]
Children’s age, gender, ethnic background, body mass index, single parent family, number of acute health complaints and paternal educational level were
considered as potential confounders in General Linear Models.
* P<0.05.
PhS Physical Summary Component Scale; PsS Psychosocial Summary Component Scale; PF physical functioning; REB role functioning: emotional/
behavior; RF role functioning: physical; BP bodily pain and discomfort; BE general behavior; MH mental health; SE self-esteem; GH general health
perceptions; PE parental impact: emotional; PT parental impact: time; FA family activities; FC family cohesion.
https://doi.org/10.1371/journal.pone.0178539.t003
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physicians or medical specialists were presented with somewhat higher scores of the parental
impact-emotional scale than children did not.
Discussion
The present study demonstrates lower HRQOL scores of children with a prevalent chronic
condition (asthma, eczema, dyslexia, ADHD, or migraine/severe headache) compared with
children without any chronic condition. The pattern of impaired HRQOL is specific across the
prespecified conditions, which is consistent with clinical benchmarks reported in the CHQ
Manual [31]. When comorbidity is taken into account, the HRQOL of children is generally
lower than when children with comorbidity were excluded from the analysis.
Asthma
Current analyses revealed that children with asthma more often lived in the single parent fam-
ily compared to children without chronic conditions, which is consistent with an early study
regarding association of family structure and the prevalence of asthma [36]. As reported by
parents, the greatest impact of asthma is observed for ‘physical’ aspects of HRQOL such as
physical summary scale, physical functioning, and bodily pain. This observation is consistent
with previously reported findings [9, 37]. Parents of children with asthma perceived their
child’s health as relatively poor and likely to get worse. As noted by others, in our study, signif-
icant difference regarding self-esteem and mental health were not observed [38], for which we
have no explanation.
Eczema
An association in the present investigation was shown between the presence of eczema and the
family structure, which consists with a previous study [39]. ‘Physical’ and ‘psychosocial’ aspects
of HRQOL were affected by the presence of eczema, which is consistent with prior research
[7]. Significantly lower scale scores were observed for physical functioning and bodily pain rel-
ative to children without any chronic condition. This observation could be explained in part
by the most prevalent symptoms of eczema: itching and soreness [7, 40], which may limit chil-
dren in their activities and in playing sports. Impaired self-esteem was observed in the present
study. It has been suggested that children with eczema may experience comments regarding
their appearance, teasing, bullying or even peer rejection, leading to embarrassments and lack
of confidence[10, 40]. A gender-specific difference was observed. Girls were disturbed more
than boys regarding overall psychosocial HRQOL, behavior and self-esteem. Perhaps the visi-
ble redness, inflamed and scaly rashes may causes more stress in girls than in boys, because in
general, socially constructed notions require girls to be attractive in appearance.
Dyslexia
Children with dyslexia in the present study were more often Dutch in the investigation. It is
consistent with findings from DHIS 2009–2015 that showed fewer cases dyslexia in children
with a western background (Dutch vs. western: 9% vs. 7%) and with a non-western back-
ground (Dutch vs. non-western: 9% vs. 2%) [41]. A possible explanation is that for children
with a migration background in the Netherlands, the Dutch language may not be their primary
language. Their multilingual upbringing may hamper the timely diagnosis of dyslexia, as read-
ing problems could be mistaken for an overall struggle in learning the Dutch language. The
most notable observations for children with dyslexia were on the ‘psychosocial’ aspects of
HRQOL, including the CHQ Psychosocial Summary Component, the role functioning-
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behavior/emotional scale, general behavior and self-esteem. This may be due in part to the
manifestations of dyslexia, which are characterized by difficulties in reading, and/or spelling,
listening, writing. Children with dyslexia may be struggling with schoolwork and may feel infe-
rior to their peers [42]. Data on HRQOL of dyslexia children is rare in both clinical and popu-
lation studies.
ADHD
A higher score on the Physical Summary Component scale (PhS) was observed for children
with ADHD compared to children without any chronic condition. It is possible that children
with restless behavior and other aspects of ADHD excel in the ‘physical’ aspects of health given
the very ‘physical’ nature of their condition and in direct response to the pronounced deficits
on the more ‘psychosocial’ component. Thus, not surprising, lower scores were observed for
general behavior, mental health and self-esteem for children with ADHD. Additionally, the
HRQOL of parents and families were significantly impacted. These findings are inconsistent
with others’ previous work [31, 43, 44]. Particularly, these impacts were stronger in boys than
in girls. Current analyses revealed that parents reported higher scores in physical component
summary, physical functioning and bodily pain than children with no chronic condition. It
should be taken cautiously considering the very small sample size of girls and boys with
ADHD in the present analyses.
Migraine/Severe headache
Current analyses revealed that parents of children with migraine/severe headache had lower
education level than parents of children without chronic condition, which is consistent with
Bugdayci et al. who showed that low education of mothers was significantly associated with
the presence of headache in children [45]. Some studies indicated that low economic status of
family (income) may be a risk factor of presence of migraine/headache [45–47]. Education is
often correlated with income status. Parents of children with migraine/severe headache
reported lower scores for almost all CHQ-PF28 scales than children without any chronic con-
dition. Their impaired ‘physical’ HRQOL might be explained by the physically painful nature
of this condition. But low scores on mental health and family aspects of HRQOL suggest that
the burden of this condition is also psychosocial in nature as well. Recurrent migraine/severe
headaches may impact on the school performances and may limit social activities with peers,
and may decreased home/family activities[48].
In reality, it is not uncommon for children to have more than one chronic condition. The
present study shows that children, who had additional chronic conditions except for one of the
five most prevalent conditions, generally had lower HRQOL compared to children with only
one specific condition. These results are consistent with findings in two population-based
studies, which reported poorer HRQOL of children with more than one chronic condition but
did not explore the specific burden of chronic conditions on children’s HRQOL [19, 20].
Regarding the mean score of the parental impact-emotional scale in children with dyslexia,
those who were seen by the family physicians or medical specialists presented a higher score
than children who did not. It might be explained by a positive treatment effect and conse-
quently, relief with regard to the negative impact of dyslexia on parental emotions.
Linking HRQOL data in children with chronic conditions to appropriate interventions to
improve HRQOL outcomes has not yet been empirically demonstrated in pediatrics [49].
However, adult studies and some pediatric trials have indicated the potential value of applica-
tion of the standard HRQOL measurement in practice and research [49–52]. In addition to
being of benefit to clinicians and patients, HRQOL may also be an important markers for
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health policy makers and payment systems to identify those “at risk” for greater need of health
care services and subsequently, interventions targeted to more specific domains of impairment
[50].
Strengths and limitations
There are several strengths to this study. Namely, the large population-based sample allowed
us to compare HRQOL of children with regard to prevalent chronic condition(s). There have
been studies assessing the impact of individual chronic conditions of children on HRQOL [6,
9, 12, 43, 53], however studies comparing HRQOL profiles across different prevalent chronic
conditions compared with HRQOL of children without any conditions are scarce [20]. Second,
HRQOL was evaluated using the CHQ-PF28, a widely regarded and comprehensive general
measure that allowed for the assessment of both the ‘psychosocial’ as well as the ‘physical’ bur-
den of these conditions on the child and his/her parent and family. Third, the present analyses
adjusted for potential confounders on the associations between the presence of a chronic con-
dition and HRQOL.
There are several limitations that should be noted. First, ‘causation’ could not be evaluated
due to the cross-sectional methodology employed for this study. Second, the CHQ-PF28 is a
parent proxy measure. Limitations in study design precluded use of the child self-report ver-
sion (CHQ-CF87) in concert with the parent version. Thus, data presented herein are from the
parents’ perspective and ‘burden profiles’ may differ from children’s point of view and may
also differ by age and gender. The discordance between parent-report and child self-report has
been noted in previous research [54–57]. It is known, for example, that particularly for mental
disorders, parents may underestimate the impact on child’s school experience and social func-
tioning whereas children tend to estimate their HRQOL similar to their peers [13, 43, 58].
Thus, further work to better understand the unique ‘burden’ on HRQOL across common
childhood conditions from the child perspective is warranted.
Conclusion
Prevalent chronic conditions during childhood may place a burden on HRQOL of school-
aged children, parents and family, however, little is known regarding the exact profiles of bur-
den of the most prevalent chronic conditions on HRQOL in school-aged children, especially at
a large-population level. The present study contributes to fill in the gap by illustrating the spe-
cific HRQOL profiles impacted by prevalent chronic conditions in a representative, national
sample of school-aged children. These specific HRQOL profiles will help paediatricians and
children public health professionals to understand the multidimensional impact of these spe-
cific chronic conditions on the HRQOL of children, parents and families. What´s more, the
present study has provided the national reference values of HRQOL of school-aged children,
which could be used for comparison of HRQOL between studies.
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